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1.

Pulsed Power Diagnostics for Fusion Propulsion Experiments

2.

Faculty or Research Mentor

Jason Cassibry
Associate Professor
Mechanical and Aerospace Engineering
Propulsion Research Center
Jason.Cassibry@uah.edu
(256) 824-5107
OKT S231
University of Alabama in Huntsville
3.

Proposal Identifier: RCEU19-MAE-JTC-01

4.

Project Description

Our research program endeavors to develop the technologies required for fusion propulsion,
enabling rapid, human piloted trips to Mars. Journeys to Mars will be possible with existing
chemical propulsion technologies, but the journey takes 2 years to complete. The long duration
in deep space exposes astronauts to debilitating microgravity effects on skeletal and muscle
tissue and increases the risk of cancer from prolonged radiation exposure naturally occurring in
space. Fusion can enable this trip with a roundtrip time of 4 months, making the trip to Mars
both safe and routine.
A fusion propulsion laboratory is currently being developed at UAH within the Propulsion
Research Center (PRC) and the Aerophysics Research Center (ARC). We now have operational
a 5 kJ pulsed power machine which will be generating subscale micro-fusion tests using fuses
with heavy water. One of our graduate students, Rachael Wagner, is studying neutron yield
scaling for her research using this machine. Her research supports ongoing collaborative
research with NASA MSFC on a pulsed fission/fusion hybrid propulsion concept, as well as a
couple of other pulsed fusion efforts. One of the important aspects of scaling is the simultaneous
measurement of the current and voltage waveforms. The undergraduate student will assist Ms.
Wagner, the PI, and the staff in conducting the experiments. The student will work with Ms.
Wagner in the construction of magnetic field (Bdot) probes and construct a Helmholtz coil and
driver circuit for calibration. The student will work with the PI, Dr. Cassibry, and our staff in the
construction and testing of high voltage probes. Both sets of probes are inexpensive and fairly
simple to build. The funding to purchase hardware for the helmholtz coil and driver circuit for
calibration of the Bdot probes will come from other sources. This student will be in the critical
research path, and we will work closely with him/her to ensure success.
5.

Student Prerequisites

Applicants need to have completed their first year of school by Summer 2019 and be a declared
major in aerospace engineering. The applicant is expected to have a 3.5 GPA. A U.S. citizenship
is required in order to access the lab, located on the Redstone Arsenal. Required coursework

includes Physics I and Calculus B. The rest of the work will be taught on site, and the PI and the
graduate student will work the the RCEU student to learn what is necessary in order to be
successful. Preference will be given to a student with demonstrated (coursework or other) good
interpersonal communication and writing skills. The reasons are two-fold. We emphasize
scholarly activity through the dissemination of our research work through presentations,
conference papers, and journal articles, and we expect the student to participate in this process
with us. Second, clear communication and interpersonal skills are paramount for safe operation
in a high voltage laboratory environment. The latter skill goes beyond verbal communication to
include tone, facial expressions, etc, which are important to help perceive if someone is not
focused on the tasks and ultimately being unsafe.
6.

Student Duties, Contributions, and Outcomes

The student will be taught how to solder, and construct a high voltage AC coupled probe. These
are simple devices which measure a scaled waved form of the pulsed power output on an
oscilloscope. He/she will learn how to calibrate the probe output. Next, the student will build
two types of magnetic field probes, one for measuring local magnetic fields and one for
measuring the current in the circuit. He/she will be taught how to design these probes and test
for frequency response. These probes are a little harder to manufacture than the voltage probes,
but will build on the previous experience. Calibrations will be performed using a Helmholtz
coil, which will be constructed and tested by the student. The PI and graduate student will work
closely with the RCEU student to complete these tasks successfully. Specific duties include the
documentation of the voltage and magnetic field probes he/she constructs, collection of voltage,
magnetic field, and current traces off of oscilloscopes acquired using his/her probes, and
determination of calibration factors for these probes. The student will also assist in providing
inputs for presentations and conference papers using these data, and will lead on his/her poster
for the von Braun symposium in the Fall of 2019.
There will be numerous contributions made by the student in this project. These diagnostics
(voltage, magnetic field, current) are standard for electric and fusion propulsion applications and
will be among the first data sets published in our fusion propulsion laboratory. Construction of a
Helmholtz coil is straightforward, but will serve as a long term and important tool for allowing
our team to calibrate additional magnetic field and current probes in the future. The students
work will benefit the faculty by providing data for a publication in the Journal of Propulsion and
Power coupled with the data from Ms. Wagner, which we anticipate submitting in Fall of 2019
after performing the work. We will use the data from the student’s independent work in follow on
proposals with our NASA colleagues.
Specific outcomes for the RCEU student are related to the development and use of diagnostics,
calibration, and dissemination of the work through scholarly activities. Specifically, these
diagnostics are common to virtually any advanced propulsion concept appropriate for rapid
interplanetary space travel. More generally, the student will learn the value of calibration to have
confidence in the output of measurements. In addition to the hands on laboratory experience, the
student will be lead author on a paper presented at the Fall 2019 von Braun Symposium and will
be a coauthor on the conference paper based on Ms. Wagner’s research.

7.

Mentor Supervision and Interaction

On the first day of the job, the student will meet with the PI. The purpose will be to recognize
strengths and weaknesses so that the former can be exploited while the latter is improved through
the mentoring process through the PI, the graduate student Ms. Wagner, and the ARC staff.
Identifying short-term goals will give them a clearer sense of expectations and help identify
milestones along the way to achieving specific objectives throughout the summer program. The
PI will mentor the RCEU student on writing papers and making effective presentations. Regular
feedback will be provided for material for review and presentation style critique. This will be
done to circulate their work, and augment future networking opportunities. We will discuss
career goals with our RCEU student and describe how we can help them to reach these goals.
In terms of specific, day to day interactions, the student will be working independently with at
least twice per week meetings with the PI (Dr. Cassibry). He/she will work daily with a Master’s
student, Ms. Rachael Wagner, and other staff at the ARC. The student will also meet weekly as
part of the group over at NASA MSFC in the Propulsion Research Laboratory, as we discuss
progress towards development of advanced propulsion subsystems for which we have ongoing
funded research. Thus the student will get face time with NASA research scientists and
engineers.

We will discuss career goals with our postdocs and describe how we can help them to
reach these goals. The postdoc self-assessment will help to identify potential career options. We
will stay abreast of job opportunities through professional society meetings and through
networking with our colleagues. Other means include media such as Academic Keys will be
reviewed. The postdoc will be invited to guest lecture on occasion, and feedback will be
provided in how to improve teaching skills. Professional practices will be taught, using personal
experience and the wealth of literature on the subject. Collaborating with researchers with
diversity in backgrounds and training will be encouraged.
8.

Prior Awardees

Award Year and Project Title:
2017
Testing and Verification of an RLC circuit model for a 3D Smooth Particle Hydrodynamic Model
SPFMax.
Tangible Contributions Afforded by the Student
Coleton Cody conducted circuit modeling studies to model our pulsed power machine Charger 1.
He studied the effects of various geometric parameters on the waveforms which could be
produced by the machine, and provided valuable numerical data for verification of our 3D pulsed
power and plasma physics modeling tool SPFMax. He contributed and was coauthor on a
conference paper given at the 2017 AIAA Propulsion and Energy Forum in Atlanta, GA.

Specific Outcomes Provided to the Student
Mr. Cody gained extensive knowledge in the use of Matlab beyond the typical training
developed in the coursework. Specifically he learned to numerically integrate systems of
ordinary differential equations to model a complex pulsed power system, with concepts that have
broad application in the Aerospace community. Cody also gained experience in scholarly
activity. He was a coauthor on a paper at the AIAA Propulsion and Energy forum in Atlanta, GA
and presented his part of that work during during our session in front of industry, government,
and academic leaders in the field of advanced propulsion.

